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Introduction
Extraction of leads and replacement are required
as the number of pacemaker implants increases as
well as the incidence of lead infections and dys-
functions. Transvenous methods for lead extraction
are reported, yet demanding advanced technique for
the procedures and costly equipments. We report the
results of a simple and inexpensive approach that
was evaluated as eﬀective.
Materials
The instruments used were the following. An
11Fr introducer, 8Fr percutaneous transseptal cath-
eter (PTC)-introducer, forceps used in gastrointesti-
nal ﬁberscopy (OLYMPUS, FG-47L-1), and dilator
sheath (inner diameter 4mm, aluminium). They are
depicted in Figure 1A–D.
Methods
1. Basic procedures for the extraction and
exchange of lead
The surgeries were performed under local anaes-
thesia. The pacemaker pocked was opened and the
pulse generator, as well as all sutures, were removed
from the lead. Adhesions along the lead were
inspected under ﬂuoroscopy; synechotomy is re-
quired if the lead does not move freely inside the
tract. The adhesion around the lead was separated by
guiding the dilator sheath to the superior vena cava
(SVC) as shown in Figure 1.1 and 2.1. Shorter sheaths
should be used ﬁrst.
The 11Fr introducer was deployed in the right
femoral vein, through which the PTC-introducer was
positioned in the right atrium. The forceps was
inserted in the PTC-introducer in order to catch the
lead in the right atrium (Figure 1.2–3 and 2.2). The
stylet was inserted in the lead and the lead was
withdrawn (Figure 1.4–5). At this point the lead is
folded in two and cannot pass inside the PTC-
introducer. The lead and the PTC-introducer were
pulled out together (Figure 1.6). Except in cases with
infection, the stylet that remains in the right atrium
was used as the guidewire for the introducer when
performing subsequent lead replacement.
2. Lead extraction in case of insulation coating
rupture
When the insulation coating of the lead had been
ruptured during the pulling procedure, the proximal
end of the lead was withdrawn ﬁrst from the right
femoral vein by catching the lead in the SVC
(Figure 2.6–9). The PTC-introducer was inserted
around the electric wire until the right atrium in
order not to damage the surrounding tissue with the
wire during extraction (Figure 2.10).
3. Lead collection
The lead must be collected should the extraction
not be complete. This procedure may be diﬃcult if
the lead is short. In order to prevent complication, a
thread was tied to the end of the lead, after deploying
Address for correspondence: Tsugumasa Fujiwara MD, Hokkaido Cardiovascular Hospital, 1-30 South 27 West 13 Chuo-ku, Sapporo
City, Hokkaido 064-0927, Japan. Tel: 011-563-3911 Fax: 011-551-3109
Received 10, October, 2006: accepted in ﬁnal form 5, February, 2007.
58
J Arrhythmia Vol 23 No 1 2007
Short Report
the dilator sheath in the SVC. A stylet was inserted
in the lead, and the lead was collected (Figure 2.11–
13).
4. Sustained pulling using a pulley
When the lead could not be extracted by simple
pulling, lead collection is followed by extraction of
the electric wire by applying sustained pulling using
a pulley (Figure 2.14). If the lead cannot be extracted
with this method, surgery is required for removal.
5. Extraction of a lead that has fallen into the right
ventricle
A lead that fallen into the right ventricle should be
caught at the outﬂow tract region in order to avoid
damage to the tricuspid valve (Figure 2.15).
6. Extraction of an infected lead
In cases with infection, removal of granulation
tissue and disinfection inside the pocket was per-
formed together with lavage. After verifying that
adhesion had not occurred along the lead, the lead
was pulled with the forceps and the distal end
was detached from the ﬁxing point and extracted.
Extraction should not be attempted if the lead cannot
be detached from adhesion. Closure of the pocket
was completed with skin suture without leaving the
thread inside, and drainage was set.
Subjects and Results
There were 32 leads extracted using the forceps
method after extraction by manual pulling failed; 18
of them were due to dysfunction and 14 to infection.
Ten were atrial, 22 ventricular, 17 silicone-coated,
15 polyurethane-coated, 30 tined and 2 screw-in. All
leads were bipolar, and 6 of them were replaced
using the same tract. There were 23 leads that were
extracted by simple pulling, which ranged from 7–
171 months after implant, average: 74.5 months (6
years and 2 months). There were 3 atrial leads and 2
ventricular leads to which synechotomy was per-
formed; the time from implant was 60–180 months,
average 127.2 months (10 years and 7 months).
Figure 1
Instruments
A: Introducer (11Fr), B: PTC-introducer (Percutaneous transseptal catheter introducer, 8Fr), C: Forceps (OLYMPUS FG-47L-1),
D: Dilator Sheath (ID 4mm Aluminum Tube), E: Stylet
Method
1) Separate the lead from the surrounding tissue with the dilator.
2) Introduce the PTC-introducer into the right atrium from the right femoral vein and insert the forceps through the PTC-introducer.
3) Grab the lead with the forceps.
4) Insert the stylet in the lead before extraction.
5), 6) Extract the lead by pulling the forceps.
7) The stylet remains in the right atrium. Use it as the guidewire for the introduction of an introducer.
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Table 1 Result of lead extraction.
Procedure Duration (mo)
(average)
Lead Fixation
(No)
Insulation
(No)
Indication
(No)
Placement
(No)
Simple pulling 7–171 bipolar tines (21) Silicone (16) dysfunction (11) RA (5)
(74.5) screw-in (2) Polyurethane (7) infection (12) RV (18)
Synechotomy 60–180 bipolar tines (5) Polyurethane (5) dysfunction (5) RA (3)
(127.2) RV (2)
Pulling of electric wire 13–212 bipolar tines (4) Silicone (4) dysfunction (2) RA (2)
(115.5) infection (2) RV (2)
RA: right atrium, RV: right ventricle
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Figure 2 Operative procedures.
B: Percutaneous transseptal catheter introducer, C: Forceps, D: Dilator Sheath, E: Stylet, F: Electric wire, G: Thread, H: Pulley
Extraction of lead using forceps
1. Isolate the lead with the dilator sheath.
2. Insert the transseptal introducer and the forceps in the right atrium.
3. 4. Extract the lead by pulling the forceps.
5. Use the stylet that remains at between the subclavian vein and the right atrium as the guidewire for the introducer.
Extraction of lead when the insulation coating is ruptured while pulling
6. The insulation coating of the lead is ruptured due to pulling.
7. Catch the lead in the superior vena cava.
8. 9. Extract the proximal end of the lead from the right femoral vein.
10. Extract the entire lead by pulling the electric wire.
Collection of lead
11. Deploy a dilator sheath in the superior vena cava. Insert a stylet in the lead and tie a thread on the lead.
12. Situation in which the lead is drawn inside the superior vena cava.
13. Collect the lead by pulling out the thread.
Extraction of lead by sustained pulling of the electric wire
14. Apply sustained pulling on the electric wire using a pulley when the extraction with the forceps is considered unreasonable.
Extraction of lead that has fallen in the central vein or cardiac cavity
15. In the right ventricle, the lead should be caught in the outﬂow tract region.
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There were 2 atrial leads and 2 ventricular leads that
were extracted by pulling the electric wire; the time
from implant was 13–212 months, average 115.5
months (9 years and 7 months) (Table 1). No per-
foration of myocardium or postoperative sepsis was
experienced, and infections of pacemaker pockets
recovered promptly.
Regarding complications, damage to the tricuspid
valve occurred in 1 case in which 3/IV tricuspid
regurgitation was noted. No other complications
occurred after using the method in which the electric
wire is inserted into the PTC-introducer.
Discussion
Problems of extraction of transvenous leads
Regarding the extraction of transvenous leads, one
method involves pulling the lead using catheters
such as the basket catheter, snare catheter or needle’s
eye snare,1–4) while the other focuses on synechot-
omy which may involve the laser.5–7) These methods
have the following problems.
1. These apparatuses demand advanced technique
for manipulation.
2. It is impossible to change the grasping location
of the lead for pulling.
3. There is a risk of perforation of myocardium or
venous wall by laser during synechotomy.
4. The equipment required is expensive.
Problems of adding the leads
Regarding the addition of leads, the following
points are problematic.
1. The use of central vein will be diﬃcult at a
later stage should there be a further addition of
leads required.
2. There is a risk of tricuspid valve insuﬃciency
when multiple leads are inserted in the right
ventricle.
3. There is a risk of venous return disorder when
multiple leads are inserted in the same vein.
4. No vein will be available for further implant of
leads in patients in whom both subclavian veins
are already used.
These issues can be avoided if one extracts
unnecessary leads before implanting others using
the same tract.
The characteristics of the method presented
The method proposed here8) has the following
advantage.
1. The grasping point can be easily shifted along
the lead; the pulling force can be concentrated
on any point.
2. The lead can be separated from the surrounding
tissue using a metallic dilator; there is no risk
of perforation provided the synechotomy is
performed along the lead.
3. Regions of adhesion from the SVC to the right
atrium can be separated by pulling near the
point of adhesion with the forceps.
4. The adhesion can be peeled oﬀ by pulling the
electric wire while keeping the tip of the PTC-
introducer on the adhesive tissue.
5. This method can be performed with the same
procedure as routine cardiac catheterization
that does not require advanced technique.
6. Extraction and replacement of lead can be
performed as needed.
Indications
The following points are considered on imple-
menting the method.
1. The method of lead extraction using a forceps
can be implemented with all leads except for
the coronary vein (CV) leads. Nevertheless, it
is often necessary to use the dilator in order
to dilate the tract in the region between the
subclavian vein and the SVC if the movement
of the lead is not smooth.
2. With ICD leads or cases in which the tissue has
entered the lead from a point of rupture, it is
often diﬃcult to extract the lead. Synechotomy
should be performed ﬁrst using a dilator and
forceps, after which extraction should be
attempted by pulling the lead with the forceps.
If the lead cannot be extracted with this
method, surgery is required for removal.
3. Although it is conventional to extract the
infected lead from the subclavian vein, the
procedure may become diﬃcult if the tip of the
lead is caught in the narrow segment of a vein.
This problem does not occur with the femoral
approach and the lead can be extracted smooth-
ly. The femoral approach should be used even
in infected cases; postoperative sepsis can be
prevented by performing a smooth extraction.
4. The time from implant for the leads extracted
by simple pulling averaged 6 years and 2
months, for leads to which synechotomy was
performed it was 10 years and 7 months, and
for those in which the electric wire was pulled
for extracting the tip of the lead it was 9 years
and 7 months. This suggests a need for
synechotomy for the leads implanted for more
than 10 years.
5. Transvenous lead extraction cannot be imple-
mented in the cases in which traces of
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vegetation was observed. The lead as well as
all the vegetation must be removed by open-
heart surgery.
Prevention of complications
The followings should be noted for the prevention
of complications.
1. Intermittent pulling should be applied instead
of aggressive pulling in order to avoid the
rupture of the lead.
2. The lead and its tip should be separated from
adhesion before attempting the extraction so
that the lead does not remain in the cardiac
cavity or vein.
3. The lead should not be allowed to fall into
the vein or the cardiac cavity as its collection
becomes diﬃcult. Thus, the proximal end of
the lead should be kept outside the vessel until
the lead is detached from the tissue. Procedures
for lead collection should be prepared for a
short lead.
4. The lead should not be grasped by the forceps
inside the right ventricle in order to avoid
damage to the tricuspid valve.
5. Synechotomy at the lead tip should be avoided
in order to prevent myocardial perforation.
6. While performing a lead extraction by pulling
the electric wire, the PTC-introducer should not
be pushed ahead of the lead tip in order to
prevent myocardial perforation.
7. In cases of infection, the pocket and the lead
should be disinfected in order to avoid sepsis.
Precautions concerning the replacement of the
lead
The followings should be noted when replacing a
lead using the same tract.
1. The stylet that was used for the insertion of the
introducer and left between the subclavian vein
and the right atrium was thin and sharp. In
order to avoid perforation of the tissue, the
stylet should be replaced ﬁrst with a guidewire
during the procedure.
2. The cicatricial tissue inside the vein is often
hard and the tract may be narrow. The insertion
tract for the lead replacement should be secured
by using a 5–11Fr dilator and a 9Fr introducer
should be used.
3. A long sheath may be required if the cicatricial
tissue has developed over an extended length.
4. The introducer should be withdrawn with care
in order not to dislodge the lead.
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